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Infection with Mycobacterium tuberculosis offers an opportunity to study the 
interrelationship of bacterial infection and host metabolism. This is a  chronic 
disease with manifestations arising from areas involved in the infectious proc- 
ess as well as from distant areas with no lesions.  The  present  study  was  di- 
rected  toward succinic dehydrogenase activity of the  cells in areas with  and 
without  morphologic lesions.  Guinea pigs were used as experimental animals 
because of their susceptibility to tuberculous infections and the wide spectrum 
of activity of the infectious process in the various organs. The livers and spleens 
of these animals show progressive exudative changes,  while the kidneys have 
no gross lesions. Succinic dehydrogenase activity was measured by the use of a 
tetrazolium compound.  In animals heavily infected with human  virulent M. 
tuberculosis,  the enzyme activity of the homogenates of the livers and spleens 
was either normal or elevated, while that  of  the  kidneys was  low.  When  in- 
fections were produced with a  BCG  strain and when  sensitized animals were 
shocked with tuberculin,  the activity was low in all organs. 
Methods 
Normal guinea pigs were maintained on a  diet of chow, cabbage, and water ad libitum. 
All determinations were carried out on animals fasted overnight with no water restriction. 
Groups of animals were  infected intraperitoneally with M.  tuberculosis grown in twcen 80 
cultures (1). 7 day cultures were used and 0.1 mL of the human virulent strain (H37Rv)  or 
the bacilli  from 4 ml. of a culture of a BCG strain  1  was injected intraperitoneally.  The virulent 
strain caused severe infection with multiple gross lesions in all the organs except the muscles 
and the kidneys. The BCG strain produced no gross lesions. The an]mo.ls infected with the 
H37Rv strain were studied after 4 weeks. The animals infected with the BCG strain were 
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killed  after  4 and 6 weeks  in  order  to  determine  the  effect  of  regre~n of  infection.  ~ s~,~up  of 
~nlmals was sensitized  with dead bacilli  by the technique of Freund (2).  When  tested in- 
tracutaneously  with 0.1 ml. of 1/10 dilution  of old tuberculin  4 to 5 weeks later,  all  animals 
developed necrosis  at the site  of injections.  The lethal  subcutaneous dose of tuberculin  in 
these  animals was 0.5 mL of  undiluted tuberculin.  Groups of animals were studied 18 hours 
after  receiving  either  0.4 ml. of physiological  saline,  or 0.2 ml. or 0.4 ml. of tuberculin. 
Determinatlon of Suc~inic Dehydrogenate Ac~ivity.--The  animals were killed by decapita- 
tion, th~ organs quickly removed, weighed, and homogenized with distilled water in a  ground 
~r  immersed in an ice bath. The cold homogenate was centrifuged  at  800 G 
far 5 minutes to precipitate the thsue debris. All homogenates were kept in an ice bath. 
Succinic dehydrogenase  activity was measured  by a  modification  of Kun's method  (3). 
The  tissue  homogenste,  succinate,  and  p,p'-diphenylene-bis-2(3,5-diphenyl) tetrazolium 
phosplmte 2 were mixed and incubated in conical centrifuge tubes at 37°C. 1 ml. aliquots were 
removed and extracted with acetone. The clear acetone extract was titrated in a photoelectric 
spectrophotometer at 540 n~. Known quantities of tetr~olium reduced by disodium sulfide, 
extracted in acetone,  and measured  colorimetrically,  ~erved as standard. All values were 
expressed as/~g, of tetrazolium reduced by 1 rag. of tissue. For optimum enzyme activity, the 
sucdnate concentration was maintained at 0.03 ~¢ and the tetrazolium concentration at 0.25 
rag. per cent. In order to maintain the optimum enzyme concentration for each tissue, 10, 20, 
and 30 per cent homogenates  were used for kidney, liver, and spleen, respectively. The re- 
action under these conditions was a linear function of time for 50 minutes, and all determi- 
nations were reported for the 30 minute time interval. 
Determination of Succinic Oxldase Activity.--The succinic oxidase activity of the tissues of 
normal animals and animals infected  with H37Rv  strain was  studied by  the manometric 
technique  (4).  The  organs  were  homogenized  in  an  isotonic  potassium chloride solution 
adjusted to pH 7.4 with 0.04 M  potassium bicarbonate solution. The results of oxygen uptake 
of tissue homogenates were expressed in terms of microliters of oxygen utilized by 1 rag. (wet 
weight) of tissue in I0 minutes. 
RESULTS 
In  order  to  determine  the  specificity of  the  tetrazolium  method  for  the 
determination of succinic dehydrogenase system, a  series of experiments were 
carried out with inhibitors. Potassium cyanide (0.001 ~) did not affect the rate 
of reduction; in contrast, malonate (0.03 ~) blocked the reduction when suc- 
cinate was used as a  substrate. There was no endogenous reduction of dye in 
the absence of succinate. 
The results of the experiments with the tissues of normal and infected ani- 
mals are given in Table I. In the animals infected with H37Rv,  there was  a 
diminution in succinic dehydrogenase activity in the kidney. The activity in 
the liver and spleen was increased. The values for the spleen were highly signif- 
icant, but not for the liver. The degree of alteration in enzyme activity in the 
kidney varied with the intensity and duration of infection. There was no dim- 
inution in activity 4  weeks  after  minimal  infection  with  the  H37Rv  strain. 
Similar results were obtained if the heavily infected animals were killed before 
the 3rd week of infection. In the animals infected with the BCG strain, there 
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was a  diminution in every organ at 4 weeks and no significant difference was 
detected  after  6  weeks.  These  alterations could not be produced in control 
TABLE I 
Succinic Dekydrogenase Activity of the Tissues of Normal Guinea Pigs and o~ Animals Infected 
~itk Various Strains of M. tuberculosis 
Values are given with standard deviation. 
Tissue 
Kidney control 
H37Rv, 4 to 6 wks. 
BCG,  4 wks. 
6 wks. 
Liver control 
H37Rv, 4 to 6 wks. 
BCG,  4 wks. 
6 wks. 
Spleen control 
H37Rv, 4 to 6 wks. 
BCG,  4 wks. 
6 wks. 
No. of animal* 
10 
7 
3 
3 
12 
9 
3 
3 
Tetrazolium reduced 
3.64-  0.55 
2.24-0.61 
2.64-0.20 
3.34-0.28 
1.34-0.12 
1.44-0.05 
1.04-0.07 
1.14-0.22 
0.514-0.01 
1.104-0.20 
0.384-0.03 
0.604-0.05 
# value~ 
<0.01 
<0.01 
>0.05 
>0.05 
<0.02 
>0.05 
<0.01 
<0.01 
>0.05 
TABLE II 
Sucdnic Oxldase Aai~y of Tissues from Normal and H37Rv-Infeaat Animals 
The values are reported as microliters of oxygen per rag. tissue per 10 minutes with stand- 
a~d deviation. 
Figures in parentheses are number of animals. 
Organ  Group  Amount of (h for 10 rain.  p values 
Kidney 
Liver 
Spleen 
Normal (8) 
Infected (8) 
Normal (8) 
Infected (4) 
Normal (3) 
Infected (3) 
21.24-2.8 
12.84-2.5 
12.54-4.2 
6.4-4-2.1 
2.4 
4.0 
<0.01 
<0.01 
groups  of  animals infected with  Rickettsia  rickettaii  or  subjected  to  chronic 
starvation. In the former group,  the infection was severe with debility com- 
parable to the H37Rv group, but the wasting was not severe as it was in starva- 
tion and H37Rv group. In Table II, the values for succinic oxidase activity of 102  SUCCINIC DEHYDROGENASE IN" TUBERCULOSIS 
the kidneys and livers of animals infected with the H37Rv strain were signif- 
icantly lower than  the normal values  (p  <  0.01),  while those  of  the  spleen 
were higher.  These findings confirm the changes in enzyme activity  observed 
by the tetrazolium technique. 
The  succinic  dehydrogenase  activity  of  the  tissues  of  sensitized  animals 
are given in Table III. Shock with 0.2  ml. of old tuberculin did not produce 
an appreciable effect but  0.4  ml.  depressed enzymatic activity.  Injection  of 
normal saline into a  control group of sensitized  animals, and of 1 ml. of old 
TABLE HI 
Enzyme Activity in Sensitized Animals before and after 8hock with Tuberculin 
Values are given with standard deviation. Numbers In parentheses indicate the number 
of animals. 
Organ  Group  Tetrazo]ium reduced  p values 
Kidney 
Liver 
Spleen 
Control (5) 
Shocked 
with 0.4 cc. (5) 
with 0.2 cc. (3) 
~,g./mg. tissue 
3.74.0.12 
2.54-0.08 
3.2-;-0.45 
Control (5) 
Shocked 
with 0.4 cc. (5) 
with 0.2 cc. (3) 
1.44.0.01 
0.94-0.03 
1.3-4-0.01 
Control (5) 
Shocked 
with 0.4 cc. (5) 
with 0.2 cc. (3) 
0.7~0.02 
0.64-0.04 
0.63:0.01 
<0.01 
>0.05 
<0.01 
<0.05 
>0.05 
>0.05 
tuberculin into a group of normal animals produced no alteration. Lowering of 
activity was, however, noted in the kidneys of a group of guinea pigs subjected 
to blood loss, equivalent to 4.5 to 5 per cent of their body weight. When studied 
6  hours after bleeding,  the kidneys showed a  value of 2.45  -4- 0.5  (S.D.) ~g. 
of tetrazolium reduced  per mg.  of tissue.  This was significantly lower  (p  = 
<  0.01)  than the control value. 
Tissue homogenates from the  kidneys  of normal,  infected,  and  sensitized 
animals incubated for 30 minutes with virulent and avirulent bacilli in vitro 
showed no diminution in enzymatic activity. 
Kidneys from normal and infected animals were homogenized in equal volumes of dis- 
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clear supematant retained for use as a menstruum for homogenizing the kidneys of normal and 
infected animals. Succinic dehydrogenase activity  of these homogenates prepared with the 
menstmmn of normal and infected tissue was studied immediately after homogenization and 
45 minutes after incubation with the tissue extract. 
The extract of normal tissue restored the activity of homogenates of tissues 
of infected animals, while the extract of tissue from infected animals had no 
effect on  the  homogenates  of  normal  tissue.  Similar  restoration  of  activity 
could  be obtained  with  a  dialysate  of  normal  tissue  prepared  by dialyzing 
equal volumes of bovine tissue against 0.067 M phosphate buffer pH 7.4.  The 
results of addition  of this dialysate are presented  in Table IV. The factor in 
the dialysate was heat labile and exhibited ultraviolet absorption at 260 m~. 
This dialysate factor also restored activity of the kidneys of animals exposed 
to hemorrhagic shock. 
TABLE  IV 
E~t  of Normal Bovine Kidney Dialysa~  on Succinic Dehydrogenase Activity  of Kidneys  of 
Normal and Tuberculous Guinea Pigs 
Values are expressed with standard deviation. 
Group 
Normal (7) ................. 
Infected (21) ............... 
Tetrazolium reduced 
Buffer 
~g./mg. tissue 
3.3-4-0.5 
2.1-4-0.5 
Dialysate 
~g./mg. llsaue 
3.44-0.4 
3.2.4-0.6 
p values 
<0.01 
DISCUSSION 
The reduction of tetrazolium by the succinic dehydrogenase system depends 
on the functional integrity of the metabolic chain below the cytochrome. The 
of the dye (--0.08 v) falls below that of cytochrome-b, but above the de- 
hydrogenase. Any damage to the integrated  activity below  the cytochromes 
would be reflected as a  diminution in the reduction of the dye. Whether this 
alteration  reflects  the  succhlic  dchydrogenase  enzyme  or  some  other  inter- 
mediate  between  the  dchydrogenase  and  the  cytochromes is  sfiU  to  be  de- 
termined (5). Such intermediates are suspected in view of the reports that other 
dehydrogenases  require  the  intermediation  of  a  diaphorase.  These  dehydro- 
genases in pure systems cannot reduce the dye (5-8). This supposition is con- 
firmed by the present work which indicates that there is in normal tissue a factor 
which is necessary for succinic dehydrogenate activity. 
The variation in activity of the various organs initiated the question of the 
true  metabolic response of tissue  to  tuberculosis.  The depression  of enzyme 
activity was noted in all organs of the group infected with the BCG strain and 
in the sensitized animals, shocked with  tuberculin,  but only in the kidney of 104  ¸  SUC~NIC DEHYDROGENASEINTUBERCULOSIS 
the animals infected with the H37Rv strain.  In the latter group, the spleen 
was markedly enlarged and contained numerous mononuclear as well as poly- 
morphonuclear inflammatory cells.  There was  gross  and  microscopic casea- 
tion. The liver also had foci of mononuclear cells with caseation. The kidney 
had  few inflammatory cells.  There was  little  inflammatory and  no  caseous 
reaction in the BCG and in the sensitized animals shocked with tuberculin. 
The decreased enzyme activity, seen in the kidneys of the infected group, was 
probably a manifestation of a  general reaction to infection. It occurred in all 
tissues in which local inflammatory changes were not present. The increased 
enzyme activity in the spleen was probably dependent on the new inflamma- 
tory cells.  These inflammatory cells have an  active aerobic glycolytic rate, 
have succinic dehydrogenase activity, and reduce tetrazolium (9). 
The experiments with tissue extract and dialysate indicate that the depres- 
sion  in  enzyme activity is  due  to  the  diminution,  during  the  course of the 
tuberculous infection, of some substance which was present in the normal tissue 
and influenced the succinic dehydrogenase activity. This substance could be 
recovered from normal tissue and could be used to restore enzyme activity of 
the infected tissue. The thermolability of the substance was an indication that 
the effect was not due to salt and suggested that it represented a new factor 
necessary for enzyme activity. 
The metabolic response to infection described may not be specific for tu- 
berculosis. That it may be the common denominator in the systemic response 
to infection with many etiological agents is suggested by the fact that it was 
also seen in hemorrhagic shock. It is in this regard that shock from infection 
and trauma may be related. Further work on other chronic infections of com- 
parable type will be necessary to determine the specificity of the reaction. 
SUMMARY 
The kidney of guinea pigs infected with  the H37Rv and BCG  strains  of 
M. tuberculosis  showed a  diminution in succinic dehydrogenase activity when 
measured by the tetrazolium technique. This effect was also seen in the liver 
and spleen of animals infected with the BCG strain. Sensitized animals showed 
similar results when given tuberculin in sublethal doses. The succinic oxidase 
was also low in the kidneys of animals infected with the H37Rv strain. 
The depressed enzyme activity of the tissues of infected animals could be 
restored to normal by addition of normal tissue extract or dialysate. This sug- 
gests  that  the alteration  in  tissue  metabolism observed in  tuberculosis may 
depend upon the loss of some as yet unidentified factor important for succinic 
dehydrogenase activity. 
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